Experimental Section

Materials and Methods
All reactions were conducted under an atmosphere of dry nitrogen, or argon, using standard Schlenk line and glovebox techniques. Solvents and reagents were obtained from commercial sources. Tetrahydrofuran, toluene and hexane were distilled from sodium/benzophenone, under dry nitrogen. Cyclohexane was dried over 3Å molecular sieves. Dichloromethane was distilled from CaH2, under dry nitrogen. Rac-lactide was recrystallized from anhydrous toluene and sublimed under vacuum three times prior to use. Lutetium (III) chloride and lanthanum (III) chloride were obtained from Strem Chemicals. The phosphasalen pro-ligand was prepared according to previously reported literature procedures. [1] Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Av300 instrument. Solvent peaks were used as internal references for 1 H} NMR (homo-decoupled spectroscopy) experiments were performed on a Bruker Av500 spectrometer, equipped with a z-gradient bbo/5 mm tuneable probe and a BSMS GAB 10 A gradient amplifier providing a maximum gradient output of 5.35 G/cmA. 1 H NMR spectra for all lactide polymerizations were performed on a Bruker Av4000 or Av500 instrument. The following abbreviations are used: br, broad; s, singlet; d, doublet; dd, doublet of doublets; t, triplet; m, multiplet. Rotating frame nuclear Overhauser effect spectroscopy (ROESY) were conducted by Mr Peter Haycock on a Bruker 500MHz AVANCE III HD spectrometer running TopSpin 3.2 and equipped with a z-gradient bbo/5mm tuneable SmartProbe TM and a GRASP II TM gradient spectroscopy accessory providing a maximum gradient output of 53.5G/cm (5.35G/cmA). The Bruker pulse program roesyetgp was employed. [2] Elemental analyses were determined by Mr. Stephen Boyer at London Metropolitan University. PLA number averaged molecular weight, Mn, and polydispersity index (Mw/Mn; PDI) were determined using gel permeation chromatography (GPC). Two Polymer laboratories Mixed D columns were used in series, with THF as the eluent, at a flow rate of 1 mL min -1 , on a Polymer laboratories PL GPC-50 instrument at 40 °C. Polymer molecular number (Mn) was determined by comparison against polystyrene standards, using correction factor of 0.58 as reported by Penczek and Duda. [3] PLA stereochemistry was determined by comparison of the normalized integrals for all the tetrad signals in the homonuclear proton decoupled NMR spectrum. The tetrad signals' integrals were compared against the values predicted by Bernoullian statistics, [4] so as to enable determination of the probability of an iso-tactic diad (Pi) to be determined for each tetrad signal. The average Pi value from all 5 signals is reported. The peaks were integrated using peak deconvolution and the values normalised, deconvolution was achieved using Mestrenova software.
Compound 1
Potassium bis(trimethylsilyl)amide (533 mg, 2.60 mmol) was added into a slurry of the phosphasalen pro-ligand (0.60 g, 0.50 mmol) in THF (15 mL). After 2 h, a cloudy suspension formed. The completion of the deprotonation reaction was verified by 31 P{ 1 H} NMR spectroscopy. The insoluble potassium salt was removed by centrifugation and LuCl3 (150 mg, 0.50 mmol) was added. After 4 h of stirring at 298 K, potassium tert-butoxide (60 mg, 0.50 mmol) was added into the mixture, giving a cloudy suspension. Stirring was continued for 4 h, after which time the solid was removed by centrifugation. The solvent was evaporated in vacuo and the residue was crystallised from cyclohexane (4 mL), giving compound 1 as colourless crystals (330 mg, 0.30 mmol, 55 %). 1 
Compound 3
Potassium bis(trimethylsilyl)amide (266 mg, 1.30 mmol) was added into a slurry of the phosphasalen pro-ligand (0.30 g, 0.50 mmol) in THF (15 mL). After 2 h, a cloudy suspension formed. The completion of the deprotonation reaction was verified by 31 P{ 1 H} NMR spectroscopy. The insoluble potassium salt was removed by centrifugation and LaCl3 (66 mg, 0.27 mmol) was added. After 4 h of stirring at 298 K, potassium tert-butoxide (30 mg, 0.27 mmol) was added into the mixture, giving a cloudy suspension. Stirring was continued for 4 h, after which time the solid was removed by centrifugation. The solvent was evaporated in vacuo and the residue was crystallised or precipitated from a mixture of cyclohexane and hexane (4 mL), giving compound 3 as colourless crystals (100 mg, 0.10 mmol, 34 %). 1 
General Polymerization Procedure
In a glove box, a tube was loaded with rac-lactide (288 mg, 2 mmol) and dissolved in THF (1.8 mL). A stock solution of initiator (0.2 mL, 0.02 M) was injected into the reaction, such that the overall 4 concentration of lactide was 1 M and of initiator was 2 mM. Aliquots were taken from the reaction under a nitrogen atmosphere, quenched with wet hexane (1-2 mL) and the solvent was allowed to evaporate. The crude product was analysed by 1 H NMR and homonuclear decoupled 1 H NMR spectroscopy and GPC-MALLS. The conversion of LA to PLA was determined by integration of the methyne proton peaks of the 1 H NMR spectra, δ 5.00 -5.30. The Ps or Pi value was determined by integration of the methyne region of the homonuclear decoupled 1 H NMR spectrum, δ 5.1 -5.24. The methyne proton region was deconvoluted using MestReNova software. The PLA number-averaged molecular weight, Mn, and polydispersity index (Mw/Mn; PDI) were determined using Gel Permeation Chromatography (GPC). Calculated Mn values, where exogenous alcohol was added, were determined on the basis of one chain growing per initiator; tert-butyl alcohol/alkoxide is a poor initiator and inefficient chain-transfer agent.
General polymerization Procedure at Low Temperature
In a glove box, a tube was loaded with rac-lactide (115 mg, 0.80 mmol) and dissolved in cold THF (1.4 mL). A stock solution of initiator (0.2 mL, 0.02 M) was injected into the reaction, such that the overall concentration of lactide was 0.5 M. The tube was then removed from the glovebox and placed on a stirrer plate in a freezer, such that the temperature was maintained at 257 K. After an allotted period of time the reaction was quenched with hexane (5 mL) and the solvent was allowed to evaporate. The resultant polymer was analysed as described above. The X-ray crystal structure of 1 The N(11)-H hydrogen atom in the structure of 1 was found from a ΔF map and refined freely subject to an N-H distance constraint of 0.90 Å. The C(26)-based tert-butyl group was found to be disordered, and two orientations were identified of ca. 77 and 23 % occupancy. Their geometries were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the nonhydrogen atoms of the major occupancy orientation were refined anisotropically (those of the minor occupancy orientation were refined isotropically). The C(36)-based phenyl ring showed signs of disorder, but a model using two partial occupancy orientations did not prove satisfactory, so instead a model with one geometrically idealised orientation was employed. The C(91)-and C(111)-based cyclohexane solvent molecules were both found to be disordered, the former in a general position and the latter across a centre of symmetry. In each case two unique orientations were identified, of ca. 74 and 26 % occupancy for the C(91)-based molecule, and of ca. 25 % occupancy each for the C(111)-based molecule. For this latter case, two further orientations of ca. 25 % occupancy are generated by operation of the centre of symmetry. The geometries of all four unique orientations were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the non-hydrogen atoms of the major occupancy orientation of the C(91)-based molecule were refined anisotropically (the remainder were refined isotropically).
The X-ray crystal structure of 2 The crystal of 2 that was studied was found to be a two component twin in a ca. 57:43 ratio, with the two lattices related by the approximate twin law [1.00 0.00 0.00 0.00 1.03 0.00 0.00 0.00 1.00]. The N(11)-H hydrogen atom could not be located from ΔF maps, and so was added in an idealised position using an N-H distance constraint of 0.90 Å. The C(26)-and C(54)-based tert-butyl groups were found to be disordered. In each case two orientations were identified, of ca. 73:27 and 72:28 occupancy respectively. The geometries of all four orientations were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the non-hydrogen atoms of the major occupancy orientations were refined anisotropically (the remainder were refined isotropically). The C(71)-based ethyl group was found to be disordered. Two orientations were identified, of ca. 63 and 37 % occupancy respectively, their geometries were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the non-hydrogen atoms of the major occupancy orientation were refined anisotropically (the remainder were refined isotropically). The 6 C(81)-based n-hexane solvent molecule was found to be disordered across a C2 axis. This disorder was modelled by using one complete 50 % occupancy orientation, allowing the C2 axis to generate a second orientation. The geometry of the unique orientation was optimised, and the non-hydrogen atoms were refined anisotropically. The C(91)-based cyclohexane solvent molecule was found to be disordered across a centre of symmetry. Two unique orientations were identified of ca. 32 and 18 % occupancy, with the operation of the centre of symmetry generating two further orientations of the same occupancies. The geometries of the two unique orientations were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and all of the atoms were refined isotropically. The C(101)-based cyclohexane solvent molecule was found to be disordered across a C2 axis. This disorder was modelled by using one complete orientation, allowing the C2 axis to generate a second orientation. Based on the thermal parameters, the occupancy of the unique orientation was set at 25 %. The geometry of the unique orientation was optimised, and the non-hydrogen atoms were refined anisotropically.
The X-ray crystal structure of 3 The structure of 3 was found to contain two crystallographically independent molecules (A and B) in the asymmetric unit. The N(11)-H hydrogen atom in each molecule could not be located from ΔF maps, and so they were added in idealised positions using an N-H distance constraint of 0.90 Å. In molecule A the CH2-CH2 linkage between N(8) and N(11) was found to be disordered. Two orientations were identified of ca. 73 and 27 % occupancy, their geometries were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the non-hydrogen atoms of the major occupancy orientation were refined anisotropically (those of the minor occupancy orientation were refined isotropically). The C(26A)-, C(71A)-, C(26B)-, C(54B)-and C(71B)-based tert-butyl groups were all found to be disordered, and in each case two orientations were identified, of ca. 82:18, 67:33, 61:39, 82:18 and 79:21 occupancy respectively. The geometries of all ten orientations were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the non-hydrogen atoms of the major occupancy orientation were refined anisotropically (those of the minor occupancy orientation were refined isotropically). The C(81)-based n-hexane, and the C(91)-based cyclohexane, solvent molecules were both found to be disordered. In each case three orientations were identified, of ca. 43:36:21 and 47:28:25 occupancy respectively. In both instances the geometries of the three orientations were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and all of the atoms were refined isotropically. Figure S1 : The crystal structure of 1 (50% probability ellipsoids).
Figure S2:
The crystal structure of 2 (50% probability ellipsoids).
Figure S3:
The crystal structure of one (3-A) of the two independent molecules present in the crystal of 3 (50% probability ellipsoids). [d] determined by analysis of all the tetrad signals in the methine region of the proton decoupled NMR spectrum. [4] 19 
